Evaluation of the role of conserved His and Met residues among lipoxygenases by site-directed mutagenesis of recombinant human 5-lipoxygenase.
The 5-, 12-, and 15-lipoxygenases contain a highly conserved sequence of the form His-(X)4-His-(X)4-His-(X)17-His-(X)8-His which represents a potential binding site for non heme iron to the protein. The importance of selected amino acids within this His cluster for the activity of human 5-lipoxygenase was investigated by site-directed mutagenesis using bacteria and insect cells expression systems. After single mutation of each of the 5 His residues at positions 363, 368, 373, 391, and 400 by Ser, Cys, or Lys, measurable levels of 5-lipoxygenase activity could be recovered in Escherichia coli only for the Ser363 and Cys363 mutants, with most amino acid substitutions causing a decrease in the levels of expression of the soluble protein. In contrast, 25-80% of soluble 5-lipoxygenase activity was recovered after the replacement of several of the hydrophobic amino acids in this region: Tyr384 by Ser or Phe; Phe394 by Trp and Val375 by Ala. Met436 could be replaced by Leu with little effect on 5-lipoxygenase activity or turnover inactivation half-time. High levels of mutant 5-lipoxygenases containing a Ser residue instead of His at each of the five positions were also expressed in Spodoptera frugiperda (Sf9) cells infected with recombinant baculovirus. The specific activity (58-75% of control) and the reaction time course of the Ser363, Ser391, and Ser400 mutants were comparable with that of native 5-lipoxygenase whereas inactive proteins were obtained for the Ser368 and Ser373 mutants. These results show that His368 and His373 residues are important for 5-lipoxygenase activity and that the other conserved His363, His391, His400, and Met436 residues are not crucial for the catalytic cycle or for the mechanism of self-inactivation of 5-lipoxygenase.